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(54) New hydrated crystalline forms of perindopril erbumine, process for the preparation thereof 
and pharmaceutical formulations containing these compounds 



(57) The object of the invention are new crystalline 
forms perindopril erbumine monohydrate, perindopril 
bumine sesquihydrate and perindopril erbumine dihy- 
drate and a process for the preparation thereof by dis- 
solving perindopril erbumine in water or in water under 
the addition of avolatilewater-misciblepolarorganici 
vent, freezing and lyophilizing. 

Another object of the invention is a new process for 



the preparation of perindopril erbumine monohydrate in 
pure crystalline form by freezing aqueous acetone solu- 
tions and lyophilizing. 

Another object of the invention are pharmaceutical 
formulations for the treatment of arterial hypertension 
and with vasodilatory activity, containing a therapeutical- 
ly effective amount of these new crystalline forms. 
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Description 

[0001] The invention belongs to the field of organic chemistry synthesis and relates to new hydrated crystalline forms 
of perindopril erbumine as well as to the preparation thereof. Because of significant pharmaceutical importance of 
perindopril erbumine there was a need for an industrially applicable process for preparing it in new stable crystalline 
forms suitable for the manufacture of pharmaceutical preparations. 

[0002] The object of the invention are new hydrated forms of perindopril erbumine of the general formula I 



10 



15 




XH 2 0 



I 

25 wherein X means: 

1 .0 for monohydrate, 

1 .5 for sesquihydrate, and 

30 

2.0 for dihydrate. 
Prior Art 

as [0003] Perindopril erbumine of the formula II 




II 



is 2-methylpropane-2-amine-(2S,3aS,7aS)-1 -[(2S)-2-[[(1 S)-1 -ethoxycarbonyl)-butyl]amino]propanoyl]octahydro-1 H-in- 
dole-2-carboxylate. 

[0004] Perindopril erbumine is an important ACE inhibitor, which is used as a very succesful drug for the treatment of 
hypertension. 

[0005] Perindopril was first synthesised in 1981 and disclosed in EP 0049658 B1 and US 4,508,729. The synthesis 
is complicated and a stereoisomer mixture is formed, which must be separated. The coupling reagent for the peptide 
bond is DCC, N,N'-dicyclohexylcarbodiimide. Also the substance as a pure (S) isomer and its sodium salt are claimed 
therein. 
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[0006] In EP 0308341 B1 (1987) a process for the preparation of perindopril-t-butylamine salt by reacting N-[(S)-car- 
bethoxy-1 -butyl]-(S)-alanine with (2S,3aS,7aS)-octahydroindole-2-carboxylic acid benzyl ester is claimed. The conden- 
sation reagent is DCC, N.N'-dicyclohexylcarbodiimide. The protecting benzyl group is eliminated by catalytic hydrogen- 
ation. The process is critical because of high risk of epimerization. In both processes mentioned there are difficulties 
s with eliminating N,N'-dicyclohexylurea. 

[0007] An industrial stereoselective synthesis is disclosed in US 4,902,817. 

[0008] A synthesis of (2S..3aS,7aS)-octahydroindole-2-carboxylic acid by hydrogenation of (S)-2-carbethoxyindoline 
is disclosed in US 4,914,214 (1988). In the synthesis of perindopril, N-[(S)-carbethoxy-1 -butyl]-(S)-alanine is activated 
with DCC, N.N'-dicyclohexylcarbodiimide, in the presence of 1-hydroxybenzotriazole, or with N,N'-carbonyldiimidazole. 
10 A disadvantage of the process is the formation of the side product N,N'-dicyclohexylurea, which has to be eliminated 
from the reaction mixture together with 1-hydroxybenzotriazole. 

[0009] In EP 1279665 A2 (2001) there is claimed a process of synthesis of perindopril erbumlne via an intermediate 
formation of oxazolidine obtained by the reaction of N-[(S)-carbsthoxy-1 -butyl]-(S)-alanine with phosgene ortriphosgene. 
This intermediate then reacts with (2S,3aS,7aS)-octahydroindole-2-carboxylic acid to form perindopril. It is further dis- 
15 solved in an organic solvent and, under addition of erbumine, converted to the perindopril erbumine. A disadvantage of 
this synthesis is the use of the poisonous phosgene. 

[0010] In SI 9500140 (1995) there is disclosed a synthesis of perindopril starting from N-[(S)-carbethoxy-1 - 
butyl]-(S)-alanine with an intermediate formation of an N-sulfoxy derivative, which further reacts with a silylated form of 
(2S,3aS,7aS)-octahydroindole-2-carboxylic acid to perindopril. The formation of chlorothionylimidazole is problematic 
20 since more than one compound is formed. The further course of the reaction is problematic as well because this reagent 
is sensitive to moisture and because the reaction may take place via imidazolide. 

[001 1] In WO 03/064388 (2003) there is disclosed asynthesis of perindopril by an intermediate formation of N-[(S)-car- 
bethoxy-1-butyl]-(S)-alanine acid chloride with a protected NH group and a subsequent reaction with (2S,3aS,7aS)-oc- 
tahydroindole-2-carboxyiic acid. The acid chloride is formed by using thionylchloride at ambient or slightly elevated 

25 temperature. The NH group is protected with an N-alkoxycarbonyl group e.g. N-ethoxycarbonyl, N-methoxycarbonyl, N- 
benzyloxycarbonyl group. The deficiencies of this synthesis are, on the one hand, a low stability of N-alkoxycarbonyl 
groups in conditions of strong acidic chlorination (these groups disintegrate already here) and, on the other hand, a too 
great stability of the N-benzyloxycarbonyl group, which needs to be eliminated by catalytic hydrogenolysis. The catalytic 
hydrogenolysis is not mentioned in the synthesis and therefore the given course of the synthesis is not likely to be possible. 

30 [0012] There are known several other processes for the synthesis of perindopril, which differ from each other in their 
economicalness and product quality. 

Technical Problem 

35 [0013] In recent years several crystalline forms of perindopril erbumine with their typical X-ray powder diffractograms 
have been successfully prepared and patents applied for. 

[0014] In WO 01/87835 A1 (2001) to Servier, a new oc-crystalline form of perindopril erbumine as well as a process 
for the preparation thereof by crystallization from ethyl acetate are disclosed. 

[0015] In WO 01/87836 A1 (2001) to Servier, a new p -crystalline form and its preparation by crystallization from 
40 dichloromethane are disclosed. 

[0016] in WO 01/83439A2 (2000) to Servier, a newy-crystallineform and its preparation by crystallization of perindopril 
erbumine from chloroform are disclosed. 

[0017] Pharmaceutical forms prepared from these crystalline structures of perindopril erbumine are disclosed as well. 
[0018] The company AZAD Fine Chemicals AG has announced the discovery and preparation of new 5- and e-forms 
45 of perindopril erbumine. 

[001 9] All disclosed new polymorphic forms of perindopril erbumine exclusively relate to crystallized perindopril erbu- 
mine in non-solvatedform. 

[0020] Recently a new form of perindopril erbumine as monohydrate has been disclosed in GB 2,395,195, wherein 
the preparation thereof by crystallization from organic solvents with addition of a small amount of water is disclosed as well. 

50 

Solution to the Technical Problem 

[0021] There have been studied several possibilities to provide new crystalline structures of perindopril erbumine with 
improved physico-chemical properties, especially its stability, and thus to facilitate the preparation of a pharmaceutical 
55 form. 

[0022] The object of the invention are three novel crystalline forms of the formula t, especially: 



perindopril erbumine sesquihydrate of the formula III 
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[0023] Perincfopril erbumine sesquihydrate of the formula III is prepared in such a way that an aqueous solution of 
perindopril erbumine is slowly cooled and frozen and then the solvent is removed by lyophilization. The obtained lyophi- 
iizate is left to stand in humid air for a few hours to achieve the balance of water content and the partly amorphic residue 
is crystallized. 

40 [0024] Perindopril erbumine dihydrate of the formula IV is prepared in a similar manner with the only difference that 
up to 20% of a volatile water-miscible organic solvent are added. The solution is cooled to freeze and the frozen solvents 
are removed by lyophilization. 

[0025] The new crystalline forms are extremely well soluble in water, their solubility is practically unlimited. 
[0026] Perindopril erbumine dihydrate is also prepared by slow crystallization from a saturated solution of perindopril 
45 erbumine in water. 

[0027] One object of the present invention is also a new process for the preparation of perindopril erbumine monohy- 
drate of the formula I (X = 1.0). According to this new process perindopril erbumine monohydrate can be prepared by 
lyophilization of perindopril erbumine solutions in a solvent mixture containing water and acetone or isopropanol. This 
process is remarkably better than previously known methods because of its significantly higher yield (about 100%) - 

so there is no loss of the substance in crystallization mother liquors. 

[0028] For the preparation of hydrates according to the invention, aqueous solutions or water/solvent solutions of 
perindopril erbumine In concentrations from 2-10%, more favourable 5%, most favourable 1 0% are used. 
[0029] As the starting material perindopril erbumine may be used in any form, It can be also amorphous, or perindopril 
erbumine is prepared in situ from perindopril and tert-butylamine. 

55 [0030] The yields of the process are very high, ranging from 95% to 1 00%. 

[0031] The new hydrates of perindopril erbumine were investigated by X-ray powder diffraction method on Siemens 
D500 instrument with reflection method at set parameters: CuK<x emission, angle range 20 from 2° to 37°, step 0.04°, 
integration time 1 sec. 
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[0032] X-ray diffractogram of perindopril erbumine sesquihydrate, Fig. 1, exhibits typical diffraction signals at the 
following angles 26: 8.976; 9.425; 14.821; 15.253; 19.924; 20.582; 20.960; 21.324 and 21.933 (only main signals with 
an intensity of more than 40% are listed). 

[0033] X-ray diffractogram of perindopril erbumine dihydrate, Fig. 2, exhibits typical diffraction signals at the following 
s angles 26: 9.470; 15.488; 15.760; 16.050; 21.036 and 21.460 (main signals with an intensity of more than 40%). 

[0034] The shown diffractograms, Figs. 1 and 2, essentially differ from the diffractograms of all known crystalline forms 
of perindopril erbumine and also of the known monohydrate form. 

[0035] The thermical analyses DSC and TGA were performed on an instrument of TA Instruments in the range from 
20°-150°C(Fig.3and4). 

10 [0036] Perindopril erbumine sesquihydrate, Fig. 3, shows a loss of 5.78% of water in the range of 90" to 142°C and 

thus the ratio of 1 .5 moi of water to 1 mol of the compound is confirmed. 

[0037] Perindopril erbumine dihydrate, Fig. 4, shows a loss of 7.01 % of water in the range of 84° to 133°C and of 
7.53% in the' broader range from 55° to 133°C, which indicates the ratio of 2 mol of water to 1 mol of the compound. 
[0038] Infrared spectra recorded with KBr technique, Fig. 5 for perindopril erbumine sesquihydrate and Fig. 6 for 

15 perindopril erbumine dihydrate, also indicate a higher water content than for perindopril erbumine alone. 

[0039] The invention also relates to pharmaceutical formulations with antihypertensive and vasodilatory activity, which 
contain a therapeutically effective amount of perindopril erbumine monohydrate, sesquihydrate or dihydrate. Suitable 
pharmaceutical formulations are especially solid dosage forms such as tablets with immediate or delayed release of the 
active drug, dispersable tablets, orodispersable tablets or capsuies. 

20 [0040] The present invention is illustrated by the following Examples, but not limited thereto. 

Example 1 

[0041] Perindopril erbumine (6.0 g; 13.6 mmol) was dissolved in water (60 ml) and filtered. The solution was cooled 
25 to -15°C until it was frozen and left to stand at this temperature for 1 hour. It was lyophillzed in vacuo at 0.1. toTmbar. 
The white residue was left to stand in the air with a relative humidity of more than 75% for another 2 hours. A white 
substance with a melting range of 132° to 138°C (Kofler) was obtained, which contained 1.5 mol water to 1 mol of the 
substance. The X-ray diffractogram and DSC/TGA thermogram corresponded to perindopril erbumine sesquihydrate. 

30 Example 2 

[0042] Perindopril erbumine (0.5 g; 1 .1 3 mmol) was dissolved in water (4 ml) and acetonitrile (1 ml) and filtered. The 
solution was cooled in a methanol cooling bath to -45 to -50°C unil it was frozen. It was lyophilized in vacuo in the range 
of 0.1 to 1 mbar. The theoretical amount of a white substance with m.p. of 121° to 1 26°C was obtained. It was confirmed 
35 by X-ray diffractogram and DSC/TGA thermogram that the substance was perindopril erbumine dihydrate. 

Example 3 

[0043] Perindopril (1 .0 g, 2.26 mmol) was dissolved in isopropanol (1 ml) and water (9 ml) containing teri-butylamine 
40 (0.24 ml; 2.3 mmol) was added under stirring. The mixture was stirred to a complete dissolution and the solution was 
filtered. The solution was then frozen at -45°C. It was lyophilized in the same way as in Example 1 . A white substance 
with the same characteristics as stated in Example 1 was obtained. 

Example 4 

45 

[0044] Perindopril erbumine (1 0 g; 22.6 mmol) was dissolved in a solvent mixture (1 00 ml) containing water (60 ml) 
and acetone (40 ml) and then slowly cooled down to -80°C until crystallization and solidification occurred. Then the solid 
frozen mass was dried by lyophilization in vacuo. There was obtained perindopril erbumine monohydrate (1 0.4 g, 1 00%), 
which contained 3.95% water and showed an X-ray diffractogram as given in Fig. 7. 

50 

Example 5 

[0045] Perindopril erbumine (1 g; 2.26 mmol) was dissolved in water (5 ml) and left to stand in the air at a temperature 
between 30° and 40°C and a relative humidity between 50% and 70% for at least 10 days unil the solid crystalline 
55 substance perindopril erbumine dihydrate (1.1 g; 1 00%) containing 8.4% of water was obtained. 
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Example 6 

[0046] Composition of a tablet with 5 mg of the active drug: 

perindopril erbumine sesquihydrate 5 mg 



lactose 30 mg 

maize starch 1 5 mg 

microcrystalline cellulose 49 mg 

magnesium stearate 1 mg 

total mass of the tablet 1 00 mg 



[0047] The tablets were prepared by blending the ingredients, wetting, granulating, drying and compressing the mixture 
into tablets in an appropriate device. 



Claims 

1. New crystalline perindopril erbumine hydrated forms of the formula 



25 



30 




XH 2 0 

wherein X means 1 ,0, 1 .5 or 2.0. 

2. Perindopril erbumine sesquihydrate according to claim 1 with 1 .5 mol of water to 1 mol of the substance, charac- 
terized by main diffraction signals in X-ray powder-diffraction spectrum at the following angles 26: 8.976; 9.425; 
1 4.821 ; 15.253; 1 9.924; 20.582; 20.960; 21 .324 and 21 .933. 

3. Perindopril erbumine dihydrate according to claim 1 with 2 mo] of water to 1 mol of the substance, characterized 
by main diffraction signals in X-ray powder diffraction spectrum at the following angles 26: 9.470; 15.488; 15.760; 
16.050; 21.036 and 21 .460. 

4. Process for the preparation of perindopril erbumine sesquihydrate according to claims 1 and 2, characterized in 
that an aqueous solution of perindopril erbumine with a concentration of from 2 to 20% is frozen and dried by 
lyophilization in vacuo. 

5. Process for the preparation of perindopril erbumine dihydrate according to claims 1 and 3, characterized in that 
an aqueous solution of perindopril erbumine containing also up to 20% of a volatile water-miscible polar organic 
solvent is frozen and dried by lyophilization in vacuo. 

6. Process according to claim 5, characterized in that a lower aliphatic alcohol with 1 to 4 carbon atoms, acetonitrile, 
acetone ortetrahydrofuran, preferably acetonitrile, are used as the volatile polar organic solvent. 

7. Process forthe preparation of perindopril erbumine dihydrate according to claims 1 and 3, characterized by a slow 
crystallization of the substance from a saturated aqueous solution in the air. 
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Process for the preparation of a pure perindopril erbumine monohydrate according to claim 1, characterized in 
that perindopril erbumine is dissolved in a solvent mixture containing water and acetone in ratio of from 30 : 70 to 
70 : 30, the solution is then slowly cooled to -80°C to solidify and finally dried by lyophilization. 

Pharmaceutical formulations with antihypertensive and vasodilatory activity, characterized in that they contain a 
therapeutically effective amount of perindopril erbumine monohydrate, sesquihydrate or di hydrate according to claim 
1 together with pharmaceutical^ acceptable carriers and other auxiliary substances. 
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FIG. 1. 
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FIG. 2. 




EP 1 647 547 A1 



FIG. 3. 
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FIG. 4. 
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FIG. 7. 




EP 1 647 547 A1 



European Patent 
Office 



EUROPEANS! ARCH REPORT 



EP 05 46 8015 



DOCUMENTS CON SJ-tMEV TO BE RELEVANT 



D.Y 



GB 2 395 195 A (* CIPLA LIMITED) 
19 May 2004 (2004-05-19) 
* the whole document * 



C07D209/42 
A61K31/404 
A61P9/0Q 



W0 01/83439 A (ADIR ET COMPAGNI E ; 

PFEIFFER, BRUNO; GIN0T, YVES-MICHEL; 

C0QUEREL, GERA) 

8 November 2001 (2901-11-08) 

* the whole document * 



W0 01/87836 A (ADIR ET COMPAGNI E; 

PFEIFFER, BRUNO; GINOT , YVES-MICHEL; 

COQUEREL, GERA) 

22 November 2001 (2001-11-22) 

* the whole document* 



WO 01/87835 A (LES LABORATOIRES SERVIER; 
PFEIFFER, BRUNO; GINOT, YVES-MICHEL; 
COQUERE) 22 November 2001 (2001-11-22) 
* the whole document * 



KOREY D J ET AL: "EFFECTS OF EXCIPIENTS 
ON THE CRYSTALLIZATION OF PHARMACEUTICAL 
COMPOUNDS DURING LYOPHI LIZATION" 
JOURNAL OF PARENTERAL SCIENCE AND 
TECHNOLOGY, 

vol. 43, no. 2, 1 March 1989 (1989-93-01), 

pages 80-83, XP0OO56904O 

ISSN: 0279-7976 

* the whole document * 



C07D 
A61K 
A61P 



The present search report has been drawn up 



38 January 2006 



CATEGORY OF CI 



X : particularly relevant it taken alone 
Y : particularly relevant if combined w 

document of the same category 
A : technological background 
O : non-written disclosure 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, 01 

after the filing date 
D : document oited in the application 
L : document cited for other reasons 



EP 1 547 547 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 05 46 8Q15 



This annex liste the patent family members relating to the patent documents cited 
The members are as contained in the European Patent Office EDP file on 
The European Patent Office is in no way liable for these particulars which 



above-mentioned European search report, 
merely given for the purpose of information. 

30-01-2006 



Patent document 


Publication 




Patent family 


1 

[ Publication 


cited in search report 






member(s) 


1 date 


GB 2395195 A 


19-05-2004 


AU 


2003283588 Al 


15-06-2O04 




BR 


0315703 A 


25-10-2005 




CA 


2506587 Al 


03-06-2004 




EP 


1565485 Al 


24-08-2005 




WO 


2004046172 Al 


03-06-2OO4 




HR 


20050567 A2 


31-12-2005 


WO 0183439 A 


08-11-2001 


AT 


249435 T 


15-09-2003 




AU 


7642001 A 


12-11-2001 




BG 


1G7534 A 


31-12-2003 




BR 


0112211 A 


06-05-2003 




CA 


2415447 Al 


08-11-2001 




CM 


1440386 A 


03-09-2003 




CZ 


20030358 A3 


14-05-2003 




DE 


6O10O761 Dl 


16-10-2003 




DE 


60100761 T2 


15-07-2004 




DK 


1296948 T3 


05-01-2004 




EA 


4275 Bl 


26-02-2004 




EE 


2GO30O003 A 


16-08-2004 




EP 


1296948 A2 


02-04-2003 




ES 


2206423 T3 


16-05-2004 




FR 


2811318 Al 


11-01-2002 




HR 


£UUjUU/0 nJ. 






HU 


0102814 A2 


28-02-2002 




JP 


3592296 B2 


24-11-2004 




JP 


2003531890 T 


28-10-2003 




JP 


2005002120 A 


06-01-2005 




MX 


PAG2012904 A 


22-09-2003 




NO 


2003OO51 A 


06-01-2003 




NZ 


523311 A 


25-06-2004 




PL 


348491 Al 


14-01-2002 




PT 


1296948 T 


31-12-2003 




SK 


1502003 A3 


03-06-2003 




US 


2003158121 Al 


21-08-2003 




ZA 


200300025 A 


10-02-2004 


WO 0187836 A 


22-11-2001 


AU 


7641901 A 


26-11-2001 




BG 


107533 A 


28-11-2003 




BR 


0112244 A 


24-06-2003 




CA 


2415442 Al 


22-11-2001 




CN 


1440388 A 


03-09-2003 




CZ 


20030356 A3 


14-05-2003 




EA 


4874 Bl 


26-08-2004 




EE 


20030O002 A 


16-08-2004 




EP 


1294689 Al 


26-03-2003 




FR 


2811319 Al 


11-01-2002 



re details about this annex : i 



e Official Journal of the European Patent Office, No. 12/82 



16 



EP 1 647 547 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 05 46 8015 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European searoli report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in noway liable for these pa rticulars which are merely given for the purpose of information. 

30-81-20Q6 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




member(s) 






WO 0187836 


A 


HR 


20030079 


Al 


30-04-2003 






HU 


0192813 


A2 


28-03-2002 






JP 


3592297 


B2 


24-11-2004 






jp 


2003533508 


j 


11-11-2003 






JP 


2005002121 


A 


06-01-2005 






MX 


PA02012921 


A 


30-07-2004 






NO 


2QO3O050 


/\ 


06-01-2003 






NZ 


523234 


A 


28-01-2005 






PL 


348493 


Al 








SK 


1482003 


A3 


Uj UU LUUj 






US 


2004029813 


Al 








ZA 


200300024 




05-02-2004 


WO 0187835 


A 


22-11-2001 


AT 


258918 


j 


15-02-2004 






AU 


7641801 


A 


26-11-2001 






BG 


107532 


/\ 


31-12-2003 






BR 


0H2367 


/\ 


13-05-2003 






CA 


2415438 


Al 


22-11-2001 






CN 


1440387 


A 








CZ 


20030357 


A3 


14-05-2003 






DE 


60101968 


Dl 


11-03-2004 






DE 


60101968 


72 


23-12-2004 






DK 


1296947 


T3 


01-06-2004 






EA 


5008 


Bl 


28-10-2004 






EE 


200300001 


A 


16-08-2004 






EP 


1296947 


Al 


02-04-2003 






ES 


2214434 


T3 


16-09-2004 






FR 


2811320 


Al 


11-01-2002 






HR 


20030077 


Al 


30-04-2003 






HU 


0102815 


A2 


28-02-2002 






JP 


3602826 


B2 


15-12-2004 






JP 


2003533507 


T 


11-11-2003 






JP 


2005047902 


A 


24-02-2005 






MX 


PA02012949 


A 


15-05-2003 






NO 


20030824 


A 


03-01-2003 






NZ 


523173 


A 


3O-04-2O04 






PL 


348492 


Al 


14-01-2002 






PT 


1296947 


T 


31-05-2OO4 






SK 


1492003 


A3 


03-06-2003 






TR 


200400238 


T4 


22-03-2004 






US 


2003186896 


Al 


02-10-2003 






ZA 


2O021O092 


A 


12-12-2003 



For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



